Objective: To investigate differences in body composition between adolescent girls and mature women during pregnancy and the relationship to newborn anthropometry. Design: A prospective study. Setting: The antenatal clinic at the University Hospital of the West Indies, Kingston, Jamaica. Subjects: Four hundred and twenty-five women were invited to join the study. Three hundred and sixty-one women (84.9%) completed the study. Interventions: Study participants were divided into two groups: adolescents and mature women, who were all less than 15 weeks pregnant and had no systemic illness at the time of entry into the study. A questionnaire was administered which retrieved information on demographics, age, marital status, menstrual history, parity, socio-economic status, medical history and smoking/drinking habits. Anthropometric measurements including weight, height, triceps, biceps, subscapular and suprailiac skinfolds, as well as blood pressure measurements and urine analysis were performed at the first antenatal visit and repeated at 15, 25 and 35 weeks gestation. Anthropometric measurements of the newborn were performed at birth. Results: There were significant differences between anthropometry and skinfold thickness at the first antenatal visit between the adolescents and the mature women where the adolescents had lower measurements compared to the mature women. In the newborn anthropometry, the only significant difference seen was in the triceps skinfold thickness and the mid-upper arm circumference where the newborn of the adolescents had significantly smaller values (P ¼ 0.04; P ¼ 0.02, respectively). The percentage fat, fat mass and lean body mass were significantly lower in the adolescent compared to the mature women (Po0.0001), both at the first antenatal visit and at 35 weeks gestation. A greater gain was seen in these measurements throughout the pregnancy in the adolescents (Po0.0001). Linear regression analyses showed that the gain in lean body mass was the most important predictor of birth anthropometry. Conclusion: Body composition differs in pregnancy between adolescents and mature woman, and if adequate weight and lean body mass are attained, it impacts positively on birth size irrespective of age.
Introduction
It has been shown that maternal pre-pregnancy weight and the weight gained during pregnancy influence birth weight (Abrams and Laros, 1986; Scholl et al., 1991; Thame et al., 1997; Abrams et al., 2000) . The components of maternal pre-pregnancy weight and weight gained during pregnancy may be associated with or influence birth anthropometry. Women with different pre-pregnancy weights can produce infants of similar birth weight, although they may have gained significantly different amounts of weight during the pregnancy. Adolescent girls may have less body fat and lean body mass than mature women, which may be responsible for the smaller babies seen among teenage mothers (Thame et al., 1999) . Variation in maternal body composition in pregnancies of the adolescent girls and mature women may be important in determining this relationship.
It is unclear whether maternal fat mass or lean body mass contributes to birth anthropometry and hence it is important to dissect these two components and investigate their influence in pregnancy. It is already known that newborn anthropometric measurements may be influenced by a variety of factors. These include maternal pre-pregnancy weight, maternal weight gain, parity, gender and gestational age of the infant. Earlier work showed that adolescents had infants with mean birth weights approximately 200 g less than mature women (Thame et al., 1999) . It is possible that differences in pre-pregnancy body composition, differences in weight gain and in composition of the weight gained may have contributed to this outcome.
Adolescent pregnancies continue to be a problem worldwide and in Jamaica. Approximately one million adolescents become pregnant in the United States every year, resulting in nearly 500 000 births to school-aged mothers. In Jamaica, before women reach the age of 20 years, 40% have been pregnant at least once (Jackson et al., 1997) . These pregnancies are associated with lower birth weight infants who are associated with increase mortality and morbidity, together with social and economic disadvantages. Jamaican adolescent pregnancy rates are among the highest in the Caribbean. The birth rate for women aged 15-19 years is 108 births per 1000 women (Morris et al., 1995) .
We hypothesize that adolescent mothers have less lean body mass and less fat mass compared to mature women, which may have a greater influence on birth outcome than maternal weight gain during pregnancy. This prospective study, therefore, aims to investigate differences in body composition between adolescent girls and mature women during pregnancy and the relationship to newborns anthropometry. This information may be instrumental in devising strategies to minimize differences in birth weight of infants between these two groups.
Materials and methods
Four hundred and twenty-five women making their first visit to the antenatal clinic at the University Hospital of the West Indies, Kingston, Jamaica were informed of the study and agreed to participate in this prospective study. The women were selected consecutively. This study was conducted on a predominantly black population as 97% of the Jamaican is of West African descent (The Statistical Institute of Jamaica, 1996) .
Women 19 years and younger who were referred to as the adolescent girls and women 20-45 years old who were referred to as the mature women were invited to join the study. Recruitment was restricted to females who were less than 15 weeks pregnant, had a singleton pregnancy and did not have any systemic illness such as hypertension, diabetes mellitus or genetic abnormality, for example, sickle cell disease. Once written consent was obtained, a questionnaire was administered that retrieved information on demographics, age, marital status, menstrual history, parity, socio-economic status, medical history and smoking/ drinking habits. Anthropometry was performed and the haemoglobin level recorded from antenatal records. The haemoglobin level was again recorded at approximately 28 and 35 weeks gestation. Haemoglobin samples were analysed using a Coulter/STKS model Ana3B/3C (Coulter and QJ;Beckman Corporation, Miami, FL, USA).
Dates for follow-up antenatal appointments were retrieved from the secretarial office for 15, 25 and 35 weeks gestation to obtain data for early, middle and late pregnancy. At each visit, maternal weight was measured to the nearest 0.01 kg using a Tanita digital scale (CMS Weighing equipment Ltd, London, UK) and height to the nearest 0.1 cm using a stadiometer (CMS Weighing equipment Ltd, London, UK). The body mass index (maternal) was calculated as weight in kilogram (kg) divided by height in metre squared (kg/m 2 ). Biceps, triceps, suprailiac, subscapular and mid-thigh skinfolds thicknesses were measured to the nearest 0.2 mm using a Holtain skinfold caliper (CMS Weighing equipment Ltd, London, UK). The technique, sites and marks used to measure the skinfold thickness stated follow methods described by Harrison et al. (1988) . Each skinfold site was measured three times and the mean was used in the analyses. Blood pressure and urine analysis, which tested for proteinuria and glycosuria, were recorded from antenatal records at each of these visits. If glycosuria was found, the women were offered an oral glucose tolerance test. None of the women in this study were confirmed to have gestational diabetes.
Once the women delivered, birth measurements were made within 24 h of delivery. Birth weight was measured to the nearest 0.01 kg using a Tanita model 1583 digital baby scale (CMS Weighing equipment Ltd, London, UK), crownheel and crown-rump length were measured to the nearest 0.1 cm using a Harpenden infanometer (CMS Weighing equipment Ltd, London, UK). The ponderal index (newborn) was calculated as weight in kg divided by length in metre cubed. Head, chest, abdominal and mid-upper arm circumferences were measured using a fibre glass tape measure, and bicep, tricep, subscapular and suprailiac skinfold thicknesses were also measured to the nearest 0.2 mm using a Holtain skinfold caliper (CMS Weighing equipment Ltd, London, UK). The placenta was weighed to the nearest 0.01 kg using a Healthometer model 1522KLIS scale (Continental Scale Corporation, Bridgeview, IL, USA). Measurements were performed on 10 subjects before commencement of the study to assess the reliability of measurements within and between the two trained investigators who performed all measurements during the study. The technical measurement error was small between the trained personnel and an estimate of a typical difference for height and mid-upper arm circumference was 0.3 and 0.01 cm, respectively, while an estimate of a typical difference for skinfold thickness ranged from 0.05 to 0.6 mm.
Calculations to establish body fat and fat-free mass were performed using standard equations (Durnin and Rahaman, 1967; Siri, 1961) . Anthropometric methods for estimating body fat have not been shown to be less accurate than those using more sophisticated methods like hydrodensitometry (Presley et al., 2000) , dual-energy X ray absorptiometry scan and bioelectrical impedence analysis (McCarthy et al., 2004) , and anthropometric measurements are convenient, inexpensive, easy and safe. The formula that has been used was developed on non-pregnant women, as there has been limited epidemiological research in the area of body composition in pregnancy.
Gestational age was determined by the last menstrual period and confirmed by the ultrasound measurements performed at approximately 15 weeks gestation. However, if there was a discrepancy of greater than 2 weeks in gestational between that calculated from the last menstrual period and that obtained by the ultrasound, adjustments were made to reflect the ultrasound dates. The Medical Ethics Committee of the University of the West Indies approved the study.
Data were expressed as means7s.d. and using the independent Student's t-test, differences between the two groups were identified. Multiple regression analyses were performed to explore the contribution of body composition to birth measurements. Analyses were performed using SPSS version 11.0.
Results
Four hundred and twenty-five women were recruited to join the study to allow for possible losses. Of the 425 women, the analysis was confined to 361 (84.9%) women who delivered at The University Hospital. There were 175 out of 200 (87.5%) adolescents and 186 out of 225 (82.7%) mature women. Forty-three (10.1%) had early pregnancy losses; 17 (4%) defaulted from the study for various reasons (migration, attended other antenatal clinics owing to cost); there were two twin pregnancies (0.5%) both occurring in the adolescent group and two (0.5%) women booked later than 15 weeks, which was confirmed by an early ultrasound. The women in the study were of similar socioeconomic background and hence socioeconomic status did not predict birth anthropometry. Less than 1% of these women smoked tobacco.
There were significant differences between anthropometry and skinfold thickness at the first antenatal visit between the adolescent girls and the mature women where the adolescents had significantly lower measurements compared to the mature women (Table 1) . Seventy-four percent of the adolescent girls were primigravidae compared to 29% among the mature women. The haemoglobin levels at 28 and 35 weeks gestation was 10.5 and 10.8 g/dl for the adolescent group and 10.8 and 11.2 g/dl for the mature women (P ¼ 0.06 and 0.005, respectively).
The percentage fat, the fat mass and the lean body mass were calculated for each group at the first antenatal visit, 25 weeks and again at 35 weeks gestation. At all three time periods within the pregnancy, these measurements were significantly lower in the adolescent girls compared to the mature women (Table 2) . However, a significantly greater change in these measurements occurred between the first antenatal visit and 35 weeks gestation in the adolescents compared to the mature women. Similarly, weight gained in pregnancy in the adolescent group was significantly greater compared to the mature group (Table 2) . In the newborn anthropometry, differences were seen in the triceps skinfold thickness, mid-upper arm circumference and the placental weight where the newborn of the adolescent had significantly smaller measurements (Table 3) . There was no significant difference seen in the percentage of male offspring born to the adolescent and mature group (49.7 and 47.3%, respectively).
In order to identify the independent predictors of birth weight, the following variables: fat mass and lean body mass at the first antenatal visit, gain in fat mass and gain in lean body mass to 35 weeks gestation, were entered into a linear regression analysis controlling for age, parity, gestational age, socio-economic status, gender, systolic and diastolic blood pressure. Similar linear regression analyses were repeated where the other birth measurements were the dependent variable (Table 4) . It was the gain in lean body mass, which was the strongest and most consistent variable, which predicted birth measurements. The gain in lean body mass was also the most important predictor of crown-rump length, ponderal index (kg/m 3 ) and placental weight (Po0.0001; P ¼ 0.006; Po0.0001, respectively).
These analyses were repeated within the teenage and the mature group separately and similar findings were obtained where the gain in lean body mass was the strongest and most consistent variable, which predicted birth measurements. The effect of the gain in lean body mass on ponderal index was significant in the adolescent group (P ¼ 0.004) but not in the mature group (P ¼ 0.263) (data not shown).
In the regression analysis exploring the importance of body composition on skinfold thickness at birth, it was seen that not only was the gain in lean body mass important but there was also contribution from fat mass at the first antenatal visit on all four skinfolds and from the lean body mass at the first antenatal visit on the triceps and suprailiac skinfolds (Table 5) .
Discussion
This study reports the difference seen in maternal anthropometry and body composition of adolescent girls and mature women in early and late pregnancy. Importantly, the study showed that although the absolute maternal values of weight, fat mass and lean body mass were lower among the adolescent girls, the gain in lean body mass that occurred in pregnancy was significantly greater among the adolescents and was significantly and positively associated with birth measurements. There was also a significant and positive association of fat mass and lean body mass at the first antenatal visit on the skinfolds at birth. The birth measurements of the infants of the two group of women were similar and a significant difference was only seen in the mid-upper arm circumference and the triceps skinfold thickness. The finding of similar birth weight between the groups in this study was different from previously reported studies, where the adolescent group had lower birth weights (Naeye, 1981; Fraser et al., 1995; Strobino et al., 1995; Thame et al., 1999; Conde-Agudelo et al., 2005) . Thame et al. (1999) reported that adolescents had infants with birth weights 200 g less than their mature counterpart. This study was a retrospective study and included all teenage mothers who delivered over a defined time at the University Hospital of the West Indies irrespective of complications in their pregnancies that could have influenced birth weight. In the present study, the women were carefully followed from 10-15 weeks gestation and women whose first antenatal visit was later than 15 weeks or who were transferred from other hospitals for the management of complications in pregnancy were not included. This difference could account for the differences seen in the birth measurements of the two studies from similar populations.
It is known that older women are heavier and have greater skinfold thicknesses than their younger counterparts, which may be related to parity, as women retain weight after their pregnancy (Kramer, 1987; Seidman et al., 1988; Linne et al., 2003) . However parity was controlled for in these analyses and was found to have no significant effect on birth size. Women with lower weights in early pregnancy have been described as having smaller babies (Thame et al., 1997) . This was not seen in this study as there was no significant difference seen between the birth weights of the infants of these two groups, despite the lower anthropometric measurements of the adolescents in the first trimester. Importantly in this study, there was a significant increase in weight and lean body mass gained in the pregnancy among the adolescent compared to the mature woman, which could explain the similarities of birth weights between the groups. This increase gain in lean body mass suggests that the adolescent may have demonstrated a catch-up phenomenon to compensate for her small size and hence influence the outcome of the newborn. This finding that the maternal lean body mass was the most important variable influencing birth weight is not unique to this study as similar findings were described by Mardones-Santander et al. (1998) . However, our study investigated changes in early and late pregnancy and not only on effects of late pregnancy. Stevens-Simon et al. (1993) also suggested that younger adolescents transferred more of their gestational weight gain to their foetuses than the older group. This suggests that the adolescent mother could be contributing a greater amount of her lean mass and weight gain to the growth of her foetus, leading to a similar birth weight as the infant of the mature woman.
These studies, however, are in contrast to what has been described by Scholl et al. (1994) . Scholl showed that despite an apparently sufficient weight gain and the accumulation of abundant stores during pregnancy, young, still growing women appear not to mobilize fat reserves late in pregnancy to enhance foetal growth reserving them instead for their own continued development. The methods, however, used to describe fat stores were quite different from the method used in this study to define fat mass and this could partially explain the reason for the discrepancy seen in the outcome.
Studies of maternal body composition and birth weight have resulted in conflicting outcomes. Villar et al. (1992) showed that in Guatemalan women fat gain early in pregnancy was strongly associated with birth weight. In contrast, Forsum et al. (1988) showed that in pregnant Swedish women, the gain in fat was not correlated with birth weight, but instead a relationship was found between birth weight and maternal lean body mass at the beginning of pregnancy. In our study, the gain in lean body mass was the most important predictor of birth measurements and lean mass and fat mass early in pregnancy only became important in the relationship with birth skinfold thicknesses.
The differences seen among studies could be explained by the different techniques used to assess body composition. Our study used skinfold thickness to assess body composition and these measurements were performed from early pregnancy to the final trimester (35-36 weeks gestation) in an attempt to study the entire gestational period. This study also investigated the relationship between body composition and other birth measurements that was not BIA in previous studies.
Maternal age was not found to be a significant contributor to birth measurements. This finding therefore may suggest that despite the age of the mother, once she demonstrates adequate weight gain and adequate gain in lean body mass in pregnancy, she can produce a normalsized infant. This is an important public health observation as it demonstrates that nutritional improvement may impact on birth size. This suggests that a simple costeffective intervention for developing countries to decrease the mortality and morbidity associated with adolescence pregnancies may be ensuring adequate nutrition in the antenatal period.
In conclusion, this study has provided evidence that body composition in pregnancy is different between adolescent and mature woman. It also implied that the attainment of adequate weight and lean body mass impacts positively on birth size. Abrams BF, Laros RK (1986) . Prepregnancy weight, weight gain, and birth weight. Am J Obstet Gynecol 154, 503-509. 
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